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干法纺丝制备连续 SiO2 凝胶纤维， 后在空气中热解得到 SiO2 纤维。通过 X




比为 3/1 时，纺丝液具有优良的纺丝性。 
此外，本文采用 TEOS-H2O-HCl-Acetone 体系制备硅溶胶，与 Al2O3 气溶
胶混合后，以 SCA 为纺丝助剂制备了 Al2O3-SiO2 纤维。本工作制备了不同氧化
铝含量的陶瓷纤维（A20、A60、A70 和 A78，其中数字代表 Al2O3 在陶瓷纤维
中的质量百分比，余下的为 SiO2），对纤维进行了 X 射线衍射、扫描电子显微
镜、力学性能测量和密度分析。结果表明，A20、A60 和 A70 纤维在 1400℃处
理后烧结致密，断面、表面均没有气孔，而 A78 纤维为多孔结构。纤维中的
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Abstract 
Continuous silica fibers were prepared from hydrolyzed tetraethyl orthosilicate 
(TEOS) sol, with hydrochloric acid as the hydrolysis catalyst and secondary 
cellulose acetate as the fiber–forming aid.  The as–prepared gel fibers are 
converted into non–crystalline silica fiber on pyrolysis.  X–ray powder diffraction 
(XRD), scanning electron microscopy (SEM), thermal analysis and mechanical 
testing were used to characterize the fibers.  The effect of H2O/TEOS ratio on the 
dope spinnability was studied.  The stability of the sol was significantly improved 
by SCA which rendered the dope spinnable for over 24h.  The best result was 
obtained with H2O/TEOS=3, as the dope had excellent spinnability, high stability 
and good ceramic yield.  
Continuous Al2O3–SiO2 ceramic fibers have also been prepared using 
TEOS–H2O–HCl–acetone solutions as the source of silicon and Al2O3 aerosol as the 
source of aluminum.  The SCA has been added as fiber–forming agent to assist 
spinning.  The dope obtained is then dry–spun into continuous green fibers, which 
are pyrolyzed in air to give Al2O3–SiO2 fibers.  Ceramic fibers containing 20%, 
60%, 70% and 78% of Al2O3 were prepared.  The XRD profiles show that silica 
reacts preferably with alumina aerosol to form mullite and silica restrains the 
transformation from γ-Al2O3 into α-Al2O3.  The mullite grain morphology of the 
sintered A20 and A60 are acicular mullite bonded with cristobalite.  The sintered 
A70, which was well dispersed and has a composition in the mullite solid solution 
range, exhibits equi-axial grain morphology.  High porosity was observed in A78, 
in which alumina-rich mullite formed at 1400℃.  
































年，两个美国公司 Owen Illinois Glass Co. 和 Coring Glass Works 发明了从玻璃
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表 1.1 现有的玻璃纤维一览表 
Type of Fiber A E S R C D 
Strength (20 )℃  (GPa) 3.3 3.5 4.65 4.65 2.8 2.45 
Elastic Modulus (20 )℃  (GPa) 69 73.5 86.5 86.5 70 52.5 
Failure Strain (20 )℃  (%) 4.8 4.5 5.3 5.3 4.0 4.5 
Poisson’s ratio 2.44 2.54 2.48 2.48 2.49 2.16 
Coefficient of Thermal 
Expansion (10-7·K-1) 
71 54 16 33 63 25 








一），对 pH 值变化敏感，高温性能较差，所以其应用受到了一定限制。 


































温下进行纺丝，极大降低能源消耗和生产成本。1968 年，英国的 Babcock 和
Wilcox 就这种方法申请了专利[7]，此后美国、英国和日本等国家先后出现了采
用溶胶—凝胶法制备陶瓷纤维的公司。1974 年，ICI 研制了一种直径约 3μm 的
短纤，商品名为 Saffil[8]，美国 3M 公司 早生产了的连续 Al2O3-SiO2 陶瓷纤维，
商品名为 Nextel 312；同一时期，DuPont 公司首先研制出连续多晶氧化铝纤维
FP[9]；日本的 Sumitomo Chemicals 公司研制了连续 Al2O3-SiO2 纤维 Altex；其
后，3M 公司生产了一系列的高性能氧化物纤维，如 Nextel 440、Nextel 720 等，









生产的沿 α-Al2O3 的 C 轴生长的单晶纤维在 1600℃时仍然具有很好的抗蠕变性




















表 1.2 现有商品化的氧化铝系列纤维一览表[25] 






















15 3.2 1.8 0.8 210 






2.7 1.7 1.12 152 




10~12 3.05 2.1 1.11 190 
3M Nextel 720 
85% Al2O3
15% SiO2




（Chemical Vapor Deposition, CVD）法、预聚合法（住友法）[15,16]、ICI 法[8]、
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